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FOREWORD

This volume documents the results of work conducted
under USAF Contract F33615-70-C-1832 by Advanced Crewstation
Technology Laboratory personnel, Military Airplane Systems
Division, The Boeing Company, Seattle, Washington. The
objective of this work was to refine the basic control and
display concepts developed under Contract F33615-69-C-1544
by considering contingency operations in the mission.

The contract was initiated jointly under Project
No. 6190, "Control-Display for Air Force Aircraft and Aero-
space Vehicles," which is managed by Mr. John H. Kearns,
I11, as Project Engineer and Principal Scientist for the
Flight Deck Development Branch (FGR), Flight Control Division,
Air Force Flight Dynamics Laboratory, and under Project
4167, "Integrated Avionics," which is managed ty Mr. Richard
D. Alberts, as Project Engineer for the Plans Cffice (XP),
Air Force Avionics Laboratory. The work was performed as a
part of Task 6190 21, "Advanced Integrated Fighter Cockpit
Development Program,'" under the guidance of Mr. Robert R.
Davis, Group Leader, and Capt. N. A. Kopchick (FGR) as Task
Engineer.

Acknowledgement for significant contributions goes
to: §S. J. Premselaar, Principal Investigator; J. G. Hatcher,
R. L. Richardson, R. L. Kinnaman, degraded mode analysis;

W. D. Smith, workload analysis; and Capt. N. A. Kopchick,
Technical Monitor for the Air Force Flight Dynamics Labora-
tory.

The work effort covered the period from June 1970
through March 1971. This volume was submitted by the authors
in April 1971 for publication as an AFFDL Technical Report.

Publication of this report does not constitute final
Air Force recommendations of the report's findings or con-
clusions, but it does represent a source for stimulation of
advanced control-display ideas.

RICHARD D. ALBERTS JOHN H. KEARNS, III
Plans Office Acting Chief
Air Force Avionics Lab. Flight Deck Development Branch

Flight Control Divisiow
Air Force Flight Dynamics Lab.
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ABSTRACT

The "Integrated Information Presentation and
Control System Study" (IIPACS-1), Volumes I and II, Air
Force Flight Dynamics Laboratory report AFFDL-TR-70-79,
describes three cockpit concepts developed to significantly
reduce workload for the tactical fighter pilots of the
1980's.

The wraparound cockpit of the IIPACS-1 was selec-
ted as the baseline configuration for systematic degraded
mode analyses. The cockpit concept was evaluated subjec-
tively and by means of a computerized workload analysis.
The results of the analyses and evaluations, conducted to
determine the control and display requirements for contin-
gency operations, are reported in this document, AFFDL-
TR-70-79, Volume III.
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I. INTRODUCTION

A great number of sophisticated controls and dis-
plays will be available for inclusion in aircraft of the
1980's. The Integrated Information and Control System
Study (IIPACS-1) offers a means for minimizing the 1980
tactical fighter man-machine interface problem for normal
operations. Contingency operations present additional
system and control/display problems.

Consistent with the IIPACS-1 study, the require-
ment for a systems approach to totally integrate the man-
machine system during normal and degraded mode operations
became evident. The end product of a degraded mode analysis
is to provide the capability to safely continue operations
after sustaining failures to an identifiable level.




Gl ko patac i T T T T O X R e 7 S

‘ 11. STUDY METHOD

- The IIPACS degraded mode analysis was conducted
wvithin the constraints of the ground rules and assumptions
described in Volume I, "Integrated Information Presenta-

1 ~ tion and Control Systems Study - System Development Concepts.”
E The study was divided into four phases: (1) Degraded Mode
Survey, (2) Degraded Mode Analysis and Design, (3) Mouckup

and Evaluation, and (4) Documentation. The activities of

each phase are depicted in the IIPACS-2 program flow chart,
Figure 1. Each activity found in the flow chart is ampli-
fied in the following paragraphs.

1. PHASE I--DEGRADED MODE SURVEY

The purpose of the Degraded Mode Survey phase is
to provide a basis for and a selection of the anomalies
to be analyzed. This phase 1s comprised of three elements:
(1) reliability survey, (2) data acquisition, and (3) fail-
ure mode selection.

RELIABILITY SURVEY~-During the visits to military
and industrial facilities to obtain 1980 state-
of-the-art information (Appendix 2, Volume 1),
projected mean-time-to-failure (reliability) figures
were obtained. 1In general, the reliability of

1980 avionic equipment is expected to improve

a8 solid-state technology is advanced.

DATA ACQUISITION--A Field Experience Program,
initiated by The Boeing Company in 1964, provided
s source of current reliability information.
The program (1) utilizes quantitative data from
Alr Force AFM 66-1 and Navy Maintenance and
Materiel Management (3M) systems, (2) supplements
these data with qualitative information from
field surveys, (3) documents both products, and
' (4) applies the findings to research and design
activities. The data bank includes failures
due to battle damage, personnel induced failures,
and material failures.

3 FAILURE MODE SELECTION--A 1list of systems and
3 subsystems, defined in the IIPACS INTERFACE DIA-
GRAM contained in the envelope on the back cover
of Volume I, was drawn. Each system and sub-
system was examined in every flight phase for its
impact upon safety of flight or mission completion.
The results of this analysis, Appendix 1, lists
those systems selected as failure modes. Critical
| systems were faulted without regard to failure
wi probabilities since, ultimately, the anomaly could
be caused by battle damage.
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e PHASE II--DEGRADED MODE ANALYSIS AND DESIGN

A degraded mode analysis was conducted to deiermine
the effect of the selected failure modes upon the IIPACS
configuration. Functional flow block diagrams were devel-
oped to depict the series of events and the effects result-
ing from the anomaly. System information and action
requirements and task allocations provided a basis for
equipment selected for a trade study and the subsequent
design.

FUNCTIONAL FLOW BLOCK DIAGRAMS--Functional flow
block diagrams were constructed with consideration to failure
effects. The options available, after the anomaly 1is assumed
to have occurred, are presented in the flow diagrams.

The flow diagrams are related by reference block
to those developed in the IIPACS-1 study, Volume II, and
are numbered accordingly.

SYSTEM INFORMATION AND ACTION REQUIREMENTS--The
functions defined by the flow diagrams were reduced to the
next level of indenture--tasks. The actions required to
perform the functions were identified. The information
necessary to the performance of the action task was listed.

MAN/MACHINE TASK ALLOCATIONS--The action and
information requirements are system oriented. At this
juncture, the division of responsibility for the physical
performance of the task by man or machine is made. Based
upon the level of automation established in Volumes I and
II, and the capabilities unique to man and machine, the
task allocations were made.

EQUIPMENT TRADE STUDIES AND DESIGNS--Since the
contingency modes selected are critical to either safety of
flight or mission completion, all tasks allocated to the
pilot were considered vital. As such, associated equipment
was placed in its respective primary reach or vision envelope.
These envelopes are described in Volume I.

Pilot task requirements were examined and methods
for implementing the pilot's action were defined. Human
factor pros and cons relating to each method chosen were
listed and evaluated. The equipment offering the most
promising performance in terms of pilot performance was
selected for inclusion in the cockpit.

In the more obvious cases, equipment selection for
degraded mode operations was inciuded in the system
description (see Volume I). The description of the
computer and the navigation systems are classic examples of
this approach.
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3. PHASE III--MOCKUP AND EVALUATION

| CONTROL DISPLAY MOCKUP--The full-scale cockpit
mockup fabricated for the IIPACS-1 sftudy waa modified to
reflect the results of the degraded node analysis. In addi-
tion, the modifications to the control and display repre-
sentations include the results of updating the system's
technology.

IIPACS INTERFACE DRAWING--The IIPACS-1 interface
drawving has been updated and the format modified for clarity.
The interface drawing, depicting system relationships, is
1 divided into four sections: (1) Aircraft Systems,

: (2) Central Computer Complex, (3) Displays, and (4) Controls.

4 The interface drawing identifies hardware oriented
3 systems but points to the necessitv for identifying systems
in a functional sense.
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4. COMPUTERIZED WC®KLOAD EVALUATION

Historically, a method for analytically deter-
mining crevw workload has been difficult to achieve due to
the complex relationships that exist between man's sensors
(visual, auditory), intellectual functions, and h° .3 actions
(hands, feet, voice). While these relationships are not
completely understood, a computerized procedure has been
developed by The Boeing Company that attempts to account
for these interactions. Thi# procedure, identified as the
model for Workload Evaluation for Cockpit Crews (WECC),
1s based on the principle that an operator performs the
functions of seeing, hearing, physical movement, atc.
simultaneously in accomplishing a single task. In addi-
tion, some functions or sensory channels may be operating
throughout the total task execution time while others are
involved less or not at all.

The purpose of this evaluation is to determine the
effects of contingency operations upon pilot workload. The
evaluation is analytical in nature and involves the combining
of pilot tasks, performance times, and aircraft operating
procedures. Workload percentage factors were produced
based upon the ratio of time required to perform tasks to
the actual operating time available. Outputs from the
computer model furnished pilot workload quantitative assess-
ments for use in engineering analyses.

The IIPACS-1 cockpit was reconfigured to reflect
the results of the degraded mode analysis. The mission
profile was examined to select the segments into which
anomalies were introduced to produce a '"worst case" situation.
Based on hazard to safety, impact on mission completion,
and the number of system tasks required, the following
anomalies were assumed during the low-level penetration
segment of the air-to-ground combat phase of the mission:

o Engine failure

o Automatic terrain-following failure

o Navigation satellite failure

o Electrical distribution failure

The procedure for conducting the workload analysis

is shown in Figure 2. Supporting data for the computerized
workload evaluation is contained in Appendix II.

For each selected phase, a list of the cperator
tasks required to complete that phase was developed. The
tasks were sequenced., Completion times were assigned based
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on data obtained from Reference 1. This information was

summarized on mission timeline plots to provide an overview
of each phase and the data prepared for computer processing. ]
The timeline plots for each phase are contained in ;
Appendix I7I.

Channels considered in this analysis were visual
(external/‘nternal), motor/manual (left hand, right rand, ]
feet), cognitive, and auditory/verbal. These channels ]
constitute sensors, mental processing, and resporder. used
to perform the various tasks identified. To determine thea
channel operating times, three parameters are specified
for each task: (1) the task type, (2) the applicable
channels, and (3) the total task completion time. Each
task was classified according to whether it was a discrete,
monitor, or continuous activity. The task categories
are defined as follows:

Discrete --Single-action task effecting
change in system status

Monitor --Intermittent checking of system
status

Continuous --Continuous action task effecting
change in, or maintaining system
status.

Determination of applicable channels for each
task was based on an examination of the task performance
characteristics and the mockup control/display layout. The
time-per-channel budgeted to a particular task varied in
percentage of total execution time according to task
classification and the channel involved (Table I). 1If
two or more overlapping tasks required reference to the same
visual display, the visual load was assumed to ba time-
shared.

A subroutine of WECC was used to determine the
channel time-in-use for each task (based on type and
applicable channels) and to provide a summary of total
channel time-in-use for each segment within a phase. The
channel time-in-use summaries for each segment constituted
the basic data upon which the computer calculates the
workload statistics for that phase.

= B ki T i e A e o
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Table I. Channel Time-In-Use Distributiomns

Task Classification

Sensory Channel Discrete (%) Monitor (%) Continuous (%)

External vision 50 100 100
Internal vision 50 100 100
Left hand 100 80 100
Right hand 100 80 100
Feet 100 80 100
Cognition 25 40 45
Auditory 40 40 45
Verbal 40 80 45

Computer Data Processing

The technical details of the computer program
are reported in Reference 2. In general, channel workload,
Wc, is defined as:

; wc = total time the channel was used for each

30-second segment. A channel constant, Yc’ is also defined

Y = 1 = 0.0333 segment i
30 seconds per segment per second

The resulting workload percentage, Rc. is the product
Rc - IOO.WC.chcrccnt. For example, if the internal vision

channel was used for six seconds during some segment, then
"c = 6, Yc = 0,0333, and Rc = 20 percent workloading. If

any Rc has a value near 100 percent, then a critical work-

load exists for that segment.

To provide additional information concerning the
opevator's workload, four additional measures are computed
for each segment: total visual, total motor, total
communication, and a weighted average of all channels.
Designating the eight original sensor channels (Table I)
by Rl through R8’ the total vision is given by:

9
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39 - Rl + R2;

total motor is:
. Ry + R, +R
3

and total communication 1is:

R S

10

R = R, + R,

11 7 8
The weighted average is given by:
R1 + R2 Y . . . 57 + R8
Ry, = 2 + 3 + 4 + 5 + 6 + 2

12 3

Then the information for each of the segments is combined

to provide a workload estima.2 fcr the entire phase. This
estimate consists of the mean and standard deviation for
- each channel for the phase. These statistics are computed
as follows:

Let N be the number of 30-second segments in the

: phase. The workload sum i8 then defined as:

S N
k - IOW
K=1,12 i=1 €

’ where:

"ci is the channel workload in each of the k

channels. The sum of the squares
N

§S, = r (W
& 1=1

the average phase workload

2
cik)

and the variance

2
Ve = (D)7,

10




Computer Output

The workload data processed by the computer results
in two types of outputs: (1) listed statistics, and
(2) graphic summaries.

; | The listed statistics are provided in two sets.

3 The first contains the percent loading for each of the
eight sensory channels and the four combined measures for
each segment by mission phase. The second contains the

: phase summary statistics, and consists of the mean and the
E standard deviation (o) vaiues for each chanmnel.

The graphic outputs consist of the mean plus one
standard deviation for each channel along with the 50th,
84th, and 100th percentile for each phase. The results
for the phases analyzed in this study are presented below.

Results

The results of this evaluation consist of the pilot
workload percentages for each anomaly investigated. The
tabulated statistics are contained in Appendix II, while a
graphic overview of the workload situation is shown in
Figure 3. As can be seen, the weighted average workload
] imposed by the anomalies appear as spikes that exceeded
3 40 percent in only one instant--automatic terrain-following
: failure.

3
3
3
3
A
{.

Workload is greatest in the area of vision during
normal operations. This is due to a highly automated
system in which thes pilot's major role is that of monitor.
Noteworthy is the fact that workload in the area of vision
is reduced during degraded mode operations. This 1is
because normal operations are deferred during the anomaly,
and the pilot is engaged in those tasks necessary to
survival cor mission completion.

An indication of the amount that each of the channels
oontributed to the overall workload is given in Appendix III.
It will be seen that for all three phases, the visual channel
has the highest loadings followed by cognition. The motor
and verbal channels show little ectivity. A more detailed
breakdown (internal/external vision, left/right hand, etc.)
will also be found in Appendix III.

The high levels of loading for the visual and
cognitive tasks, and the low loading for motor activities
reflect the high degree of automation achieved during this
program. The pilot functions primarily as a systems
manager with the equipment performing the majority of the
actuil operations. These results also show, however, that
sutomation can result in high workloads in some areas such
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as vision. Since these phases were selected for analysis
on the basis c¢f their complexity, they represent worst-

4 case situations and the workloads for the other phases

4 wnuld Le proportionately lower. From this analysis, it

, arpears that the pilot of an IIPACS configured aircraft
would be able to cope with contingencies.

CONCLUSIONS

The wraparound cockpit of the IIPACS-1 tactical fighter
weapon system provided the baseline configuration for the
degrided mode analysis. The study results provided control
and display modifications and additions designed to permit
a high dr_ree of survivability and mission completion after
sustaining failures to an identifiable level.

Specific conclusions are:

o The IIPACS concept, updated in response to advancing
technology, offers a significant advance in tactical
weapon system effectiveness.

o That through a dependent system of automation, a
reduction of pilot workload will be realized.

o That time-sharing techniques, multipurpose controls
and displays and integration of information and
control functions is feasible.

o Workload per unit of time during anomalies may well
drop below that of normal operations. This is
because the pilot defers normal operations during
contingency situations. This was borne out by the
degraded mode workload evaluation and verified in
film reviews of A6 emergency operations.

o The conitrols and displays developed as a result
of the degraded mode analysis will permit contin-
gency operations without an overburdening pilot
workload.,

13
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2.1.1.2/3 START & PREFLIGHT CHECKOUT

v

SAFETY OF FLIGHT MISSION CRITICAL

APU
Fire

PROPULSION PROPULSION
Engine Fire Reduced Thrust

TR T, TR e e sy

Engine Loss
ELECTRICAL ELECTRICAL

) Electrical Fire AC Power
DC Power

r STORES MANAGEMENT
SLU
CLU
Armament

? LANDING GEAR

E Tires

Brakes

Steering
Arresting
; AERODYNAMIC CONTROL
“ Flight Control
High Life
Wing Sweep

Thrust Reverser
ENVIRONMENTAL CONTROL
Contamination

Temperature

Ice Control
[ FUEL
Transfer
Indicating

it s g e AN e




1 2,1.1.2/3  START & PREFLIGHT CHECKOUT (Cont)

SAFETY OF FLIGHT

MISSION CRITICAL

FMAC
Caution & Warning

i3

. R A T A AP ALY T e

NAVIGATION
INS
Satellite
HARS
Radio Altimeter
TACAN
Sta Keep
Collision Avoidance
AUTOMATIC FLIGHT CONTROL
Autopilot
SAS
Variable Stability

ITEMS
CONTROLS AND DISPLAYS
Primary Flight Control
Throttle Control
HUD/VSD
MPD's
HSD/Map
ESCAPE SYSTEM
Crew Module
Emergency Life Support
cccC
COMM/IDENT
Spread Spectrum
Voice
D/L
Satellite
IFF transponder
IFF interrogator
Interconm

Mizxer
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2.1.1.2/3 START & PREFLIGHT CHECKOUT (Cont)

SAFETY OF FLIGHT

MISSION CRITICAL

FIRE CONTROL
LLLTV/FLIR
LASER Ranging
MMR

TF/TA
GM/Search
GM/Squint

Spotlight or Snapshot

MTI
HTT
A/A Search/Track
Dogfight
AGR
PENETRATION AIDS
RHAW
IR Warning
RF Jamming/Deception
IR Jammer
Chaff/Flare Dispensing
ECM Blanking
LIGHTING
Interior
FIRE DETECTION
HYDRAULICS
Primary
Utility
PNEUMATIC

17




2.1.1 TAXI AND TAKEOFF

R

SAFETY OF FLIGHT

MISSION CRITICAL

PROPULSION
Engine Fire
Engine Loss
Reduced Thrust
ELECTRICAL
Electrical Fire
AC Power
DC Power
STORES MANAGEMENT
Armament
LANDING GEAR
Tires
Brakes
Steering (Includes Auto)
AERODYNAMIC CONTROL
Flight Control
High Lift
Wing Sweep
Thrust Reverser
ENVIRONMENTAL CONTROL
Contamination

FUEL
Transfer

NAVIGATION
INS

AUTOMATIC FLIGHT CONTROL
SAS

FMAC
Warning & Caution
ITEMS

ENVIRONMENTAL CONTROL

Temperature

Ice Control
FUEL

Indicating
NAVIGATION

TACAN

Station Keep

AUTOMATIC FLIGHT CONTROL

Autopilot

Variable Stability




S B e

2.1.1 __TLAX1 AND TAKEOFF (Con

t)

SAFETY OF FLIGHT

MISSION CRITICAL

CONTROLS AND DISPLAYS
Primary Flight Control
Throttle Control

CENTRAL COMPUTER COMPLEX

CONTROLS AND DISPLAYS
HUD/VSD
MPD's
HSD/Map

COMM/IDENT
Spread Spectrum
Voice
IFF Transponder
FIRE CONTROL
FLIR
LIGHTING

Interior




2.1.2 CLIMB

IR STy, it b tn s as st P

SAFETY OF FLIGHT

MISSION CRITICAL

PROPULSION
Engine Fire
Engine Loss
Reduced Thrust
ELECTRICAL
Electrical Fire
AC Power
DC Power
AERODYNAMIC CONTROLS
Flight Control
Wing Sweep
ENVIRONMENTAL CONTROL

Contamination

FUEL
Transfer

NAVIGATION
INS

AFC
SAS

ITEMS

CONTROLS AND DISPLAYS
Primary Flight Control
Throttle Control

ccce

ENVIRONMENTAL CONTROL
Temperature
Ice Control
FUEL
Indicating
NAVIGATION
Satellite
TACAN
Station Keep
Collision Avoidance
AFC
Autopilot
Variable Stability

CONTROLS AND DISPLAYS
HUD/VSD
MPD's
HSD/Map




2.1.2 CLIMB (Cont)

SAFETY OF FLIGHT MISSION CRITICAL

COMM/IDENT
5 Spread Spectrum
F Voice
D/L
IFF Transponder
f FIRE CONTROL
MMR
GM--Search
1 ’ LIGHTING

Interior

21




2.1.3 RENDEZVOUS

SAFETY OF FLIGHT

MISSION CRITICAL

PROPULSION
Engine Fire
Engine Loss
ELECTRICAL
Electrical Fire
AC Power
DC Power
AERODYNAMIC CONTROL
Flight Control
High Lift
Wing Sweep
ENVIRONMENTAL CONTROL

Contamination

FUEL
Transfer

NAVIGATION
INS

AUTOMATIC FLIGHT CONTROL
SAS

FMAC
Caution and Warning

ITEMS

CONTROLS AND DISPLAYS
Primary Flight Control
Throttle Control

CENTRAL COMPUTER COMPLEX

PROPULSION
Reduced Thrust

ENVIRONMENTAL CONTROL
Temperature
Ice Control
FUEL
Indicating
NAVIGATION
Satellite
TACAN
Station Keep
Collision Avoidance
AUTOMATIC FLIGHT CONTROL
Autopilot
Variable Stability

CONTROLS AND DISPLAYS
HUD/VSD
HSD/Map
MPD's

Skt ahlkan g 4
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2.1.3 RENDEZVOUS (Cont)

SAFETY OF FLIGHT

MISSION CRITICAL

COMM/IDENT
Satellite
Spread Spectrum

Secure Voice
Data Link
IFF Transponder

FIRE CONTROL

MMR
GM--Search

23
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2.1.4 CRUISE

SAFETY OF FLIGHT

MISSION CRITICAL

PROPULSION
Engine Fire
Engine Loss
Reduced Thrust

ELECTRICAL
Electrical Fire
AC Power
DC Power

AERODYNAMIC CONTROL
Flight Controls
Wing Sweep

ENVIRONMENTAL CONTROL

Contamination

FUEL
Transfer

NAVIGATION
INS

AUTOMATIC FLIGHT CONTROL
SAS

FMAC
Caution & Warning

ITEMS

CONTROLS AND DISPLAYS
Primary Flight Control
Throttle Control

STORES MANAGEMENT
CLU
SLU

Armament

ENVIRONMENTAL CONTROL
Temperature

Pressurization

NAVIGATION
Satellite
Collision Avoidance
AUTOMATIC FLIGHT CONTROL
Variable Stability

CONTROLS AND DISPLAYS
HUD/VSD
MPD's
HSD/Map
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2.1

.4 CRUISE (Cont)

SAFETY Of FLIGHT

MISSION CRITICAL

ccc

COMM/IDENT
Satellite
Spread Spectrum

Secure Voice
Data Link
IFF Transponder

IFF Interrogator
FIRE CONTROL
MMR
GM-~-Search
PENETRATION AIDS
RHAW
IR Warning




2.2.2 LOITER

SAFETY OF FLIGHT

MISSION CRITICAL

PROPULSION
Engine Fire
Engine Loss

ELECTRICAL
Electrical Fire
{.C Powver
DC Power

AERODYNAMICS CONTROL
Flight Control
Wing Sweep
ENVIRONMENTAL CONTROL
Contamination
FUEL
Transfer
NAVIGATION
INS
AUTOMATIC FLIGHT CONTROL
SAS
FMAC
Caution & Warning
ITEMS
CONTROLS AND DISPLAYS

PROPULSION
Reduced Thrust

STORES MANAGEMENT
SLVU
CLU
Armament

ENVIRONMENTAL CONTROL

Ice Control

NAVIGATION
Satellite

AUTOMATIC FLIGHT CONTROL
Variable Stability

CONTROLS AND DISPLAYS

Primary Flight Control HUD/VSD
Throttle Control MPD's
HSD/Map
CCC
26
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2.2.2 LOITER (Cont)

SAFETY OF FLIGHT

MISSION CRITICAL

COMM/IDENT
Satellite
Spread Spectrum
Voice
D/L
IFF Transponder:
IFF Interrogator
FIRE CONTROL
MMR
GM--Search
A/A Search/Track
PENETRATION AIDS
RHAW
IR Warning (360°)




2.2.4 AIR-TO-ATIR COMBAT
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SAFETY OF FLIGHT

MISSION CRITICAL

PROPULSION
Engine Fire
Engine Loss
Reduced Thrust
ELECTRICAL
Electrical Fire
AC Power

DC Power

AERODYNAMIC CONTROL
Flight Control
Wing Sweep

ENVIRONMENTAL CONTROL

Contamination

FUEL
Transfer

NAVIGATION
INS

AUTOMATIC FLIGHT CONTROL
SAS

FMAC
Caution & Warning
ITEMS

STORES MANAGEMENT
CLU
SLU
PAL

Armament

ENVIRONMENTAL CONTROL
Temperature
Ice Control

FUEL
Indicating

AUTOMATIC FLIGHT CONTROL
Autopilot
Variable Stability

SALEEC sl i, & s




2.2.4 AIR-TO-AIR COMBAT (Cont)

SAFETY OF FLIGHT

MISSION CRITICAL

CONTROLS AND DISPLAYS
Primary Flight Control
Throttle Control

CENTRAL COMPUTER COMPLEX

CONTROLS AND DISPLAYS
Designation Control
HUD/VSD
HSD
MPD's

COMM/IDENT
Satellite
Spread Spectrum
Voice--Secure
Data Link
IFF Transpouder
IFF Interrogator
FIRE CONTROL
MMR
A/A Search/Track
Dogfight
PENETRATION AIDS
RHAW
RF Jamming/Deception
IR Warning (360°)
IR Jammer (Tail)
Chaff/Flare Dispensing
ECM Blanking
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2.2.35 REFUEL

SAFETY OF FLIGHT

MISSION CRITICAL

PROPULSION
Engine Fire
Engine Loss
ELECTRICAL
Electrical Fire
AC Powver
DC Power
AERODYNAMIC CONTROL
Flight Control
Wing Sweep
ENVIRONMENTAL CONTROL

Contamination

FUEL

Transfer

Vent and Pressurization
NAVIGATION

INS

AUTOMATIC FLIGHT CONTROL
SAS

FMAC
Caution & Warning

CONTROLS AND DISPLAYS
Primary Flight Control
Throttle Control

PROPULSION
Reduced Thrust

ENVIRONMENTAL CONTROL
Ice Control
Pressurization

FUEL
Indicating

NAVIGATION
TACAN
Station Keep

Satellite
AUTOMATIC FLIGHT CONTROL

Variable Stability

CONTROLS AND DISPLAYS
HUD/VSD
HSD/Map
MPD's
Designation Control

Sl ik o
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2.2.5 REFUEL (Cont)

SAFETY OF FLIGHT MISSION CRITICAL

COMM/IDENT
# Satellite
E Spread Spectrum
" | Voice
FIRE CONTROL

FLIR
LASER Ranging
MMR

A/A Search/Track

BCN
PENETRATION AIDS
RHAW ae
IR Warnirng
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2.2.1 DESCEND FOR A/G COMBAT-~-PENETR/TION

SAFETY OF FLIGHT

MISSION CRITICAL

PROPULSION
Engine Fire
Engine Loss
ELECTRICAL
Electrical Fire
AC Powver
DC Power
AERODYNAMIC CONTROL
Flight Control
Winé Sweep
ENVIRONMENTAL CONTROL
Contamination
FUEL
Transfer
NAVIGATION
INS

=,

AUTOMATIC FLIGHT CONTROL
SAS

FMAC
Caution & Warning

ITEMS

CONTROLS AND DISPLAYS
Flight Control
Throttle Control

ccc

32

ENVIRONMENTAL CONTROL
Ice Control
FUEL
Indicating
NAVIGATION
Satellite
Radio Altimeter
AUTOMATIC FLIGHT CONTROL
Autopilot
Variable Stability

CONTROLS AND DISPLAYS
HUD/VSD
HSD/Map
MPD's

COMM/IDENT
Satellite
Spread Spectrum
Voice
D/L
IFF Transponder
IFF Interrogator
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! 5 2.2.1 DESCEND FOR A/G COMBAT--PENETRATION (Cont) %

SAFETY OF FLIGHT MISSION CRITICAL

! FIRE CONTROL k
FLIR :
MMR

TF/TA
. GM--Search
a GM--Squint
? PENETRATION AIDS
f RHAW
RF Jamming/Deception
IR Waraning (360°)
IR Jamning
Chaff/Flare Dispensing
ECM Blanking
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2.2.3

AIR-TO-GROUND COMBAT--PENETRATE

SAFETY OF FLIGHT

oo

MISSION CRITICAL

PROPULSION
Engine Fire
Engine Loss
Reduced Thrust
ELECTRICAL
Electrical Fire
AC Powver

DC Powver

AERODYNAMIC CONTROL
Flight Control
Wing Sweep
ENVIRONMENTAL CONTROL
Contamination
FUEL
Transfer
NAVIGATION
INS

AUTOMATIC FLIGHT CONTROL
Autopilot
SAS
FMAC
Caution & Warning
ITEMS

STORES MANAGEMENT
CLU
SLU
PAL

Armament

FUEL
Indicating
NAVIGATION
Satellite
Radio Altimeter
AUTOMATIC FLIGHT CONTROL
Variable Stability
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2.2.3 AIR-TO-GROUND COMBAT--PENETRATE (Cont)

SAFETY OF FLIGHT

MISSION CRITICAL

CONTROLS AND DISPLAYS
Primary Fiight Control
Throttle Control

cccC

CONTROLS AND DISPLAYS
Designation Control
HUD/VSD
HSD/Map
MPD's

COMM/IDENT
Satellite
Spread Spectrum
Voice
D/L ,
IFF Transponder
IFF Interrogator
FIRE CONTROL
FLIR
MMR
TF/TA
GM--Search
GM--Squint
Snapshot
ECCM
PENETRATION AIDS
RHAW
RF Jamming/Deception
IR Warning
IR Jamming
Chaff/Flare Dispensing
ECM Blanking
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2.2.3 AIR-TO-GROUND COMBAT (ATTACK)

SAFETY OF FLIGHT

MISSION CRITICAL

PROPULSION
Engine Fire
Engine Loss
Reduced Thrust
ELECTRICAL
Electrical Fire
AC Power
DC Power

AERODYNAMIC CONTROL
Flight Control
Wing Sweep
ENVIRONMENTAL CONTROL
Contamination
FUEL
Transfer
NAVIGATION
INS

AUTOMATIC FLIGHT CONTROL
SAS

FMAC
Caution & Warning

ITEMS

STORES MANAGEMENT
CLU
SLU
PAL
Armament
AERODYNAMIC CONTROL
Direct Lift

ENVIRONMENTAL CONTROL
Ice Control
FUEL
Indicating
NAVIGATION
Satellite
Radio Altimeter
AUTOMATIC FLIGHT CONTROL
Autopilot
Variable Stability
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2.2.3 AIR-TO-GROUND COMBAT (ATTACK) (Cont)

SAFETY OF FLIGHT

MISSION CRITICAL

CONTROLS AND DISPLAYS
Primary Flight Control
Throttle Control

ccc

CONTROLS AND DISPLAYS
Designation Control
HUD/VSD
MPD's
HSD/Map

COMM/IDENT
Satellite
Spread Spectrum
Voice
D/L
IFF Transponder
IFF Interrogator
FIRE CONTROL
LLLTV/FLIR
1.,ASER Ranging
MMR
TF/TA
MT1
HTIT
Spotlight
GM~--Search
PENETRATION AIDS
RHAW
RF Jamming/Deception
IR Warning (360°)
IR Jamming (Tail)
Chaff/Flare Dispensing
ECM Blanking
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2.2.3 AIR-TO-GROUND COMBAT (ATTACK) (Cont)

SAFETY OF FLIGHT

MISSION CRITICAL

BATTLE DAMAGE ASSESSMENT
Vid2o Recording
LLLTV/FLIR
MMR
Data Recording




e

T T Ty T £

ST e S 3 T

S ——

e

2.2.3 DESCEND FOR LANDING

SAFETY OF FLIGHT

MISSION CRITICAL

PROPULSION
Engine Fire
Engine Loss
ELECTRICAL
Electrical Fire
AC Power
DC Power
AERODYNAMIC CONTROL
Flight Control
Wing Sweep
FUEL
Transfer
NAVIGATION
INS
AUTOMATIC FLIGHT CONTROL
SAS
FMAC
Caution & Warning
ITEMS
CONTROLS AND DISPLAYS
Primary Flight Control
Throttle Control

cccC

AERODYNAMIC CONTROL
High Lift

FUEL
Indicating

AUTOMATIC FLIGHT CONTROL
Variable Stability

CONTROLS AND DISPLAYS
HUD/VSD
MPD's
HSD/Map

COMM/IDENT
Spread Spectrum

Voice

IFF Transponder
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2.3.4/5

APPROACH AND LAND

MISSION CRITICAL

SAFETY OF FLIGHT

PROPULSION
Engine Fire
Engine Loss

ELECTRICAL
Electrical Fire
AC Power
DC Power

LANDING GEAR
Tires
Brakes
Steering

AERODYNAMIC CCNTROLS
Flight Control
High Lift
Wing Sweep

ENVIRONMENTAL CONTROL
Contamination

FUEL
Transfer

NAVIGATION
INS

AUTOMATIC FLIGHT CONTROL
SAS

FMAC
Caution & Warning

ITEMS

CONTROLS AND DISPLAYS
Primary Flight Control
Throttle Control

cccC

AERODYNAMIC CONTROLS
Direct Lift

FUEL
Indicating
NAVIGATION
Precision ILS
Radio Altimeter
AUTOMATIC FLIGHT CONTROL
Autopilot

CONTROLS AND DISPLAYS
HUD/VSD
MPD's
HSD/Map




2.3.4/5 APPROACH AND LAND (Cont)

SAFETY OF FLIGHT

MISSION CRITICAL

COMM/IDENT
Spread Spectrum
Voice
D/L
IFF Transponder
FIRE CONTROL
MMR
GM-~-Search




2142

L POWER “ON" A/P

! START PROPULSION

! SYSTEM

! 2192012 2143
CARTRIDGE/

: r PNEUMATIC  [—] WEAPON SYSTEM
ENGINE PREFLIGHT

1 211204 2.1.120.1.1 START CHECKOUT

" — =

! APU FAILURE ASSESS

’ SITUATION

f 2192013

E L] cancer

£ MISSION

ASSUMPTIONS:

1.  APUIS JET ENGINE STARTER (AIRESEARCH OR EQUIV)
WITH ALTERNATE CAPAB!LITY TO DRIVE ACCESSORIES

APU IS MOUNTED ON ONE ENGINE

CARTRIDGE/PNEUMATIC STARTER MOUMNTED ON 2ND ENGINE
STARTER CARTRIDGE IS CARRIED IN BREECH ON 2ND ENGINE
EITHER ENGINE MAY BE STARTED 8Y CROSS BLEED

CCC & CITS ENERGIZED PRIOR TO START

pPrasEN

Figure 4. APU Failure
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2354

TAXI

2.35.40.1 2344D01 2354012
NLE ASSESS STEER
STEERING SITUATION WITH
FAILS BRAKES

Figure5. NLG Steesing Failure
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2114

AIR-TD-
GROUND
ATTACK

TAXI AND
TAKEOFF 2404032
EXTINGUISH
FIRE
211401 21140401 2114042
ENGINE FIRE .
PRIOR TO =] ASSESS —<°" ABANDON
TAKEOFF SITUATION AIRCRAFT
ROLL
ASSUMPTIONS:
1. ROUTINE LISSION DEPARTURE 2114014
2. ENGINES ARE RUNUP PRIOR
10 T.0. ROLL ::535
1 FIRE OCCURS WHILE AIRCRAFT e
IS STOPPED
4 FSCAPE MUST BE SUCCESSHUL UNDER
ZERO ALTITUDE AND 2ERO VELOCITY
CONDITIONS
ASSUMPTIONS:
1. FIRE OCCURS DURING
PULLOUT OF A/G ATTACK L0SS OF
L ESCAPE MUST BE ACCOMPLISHED 2:‘&:"3"“
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Figure 6.  Engine Fire
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Figure 7. Engine Failure
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Figure 8. High-Lift Devices Failure
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Figure 9. Landing Gear Failure
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Figure 13.  Satellite Navigation Fails
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Figure 14.  IFF Interrogator Fails During Air-To-Air Combat
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Multimode Radar MTI/HTT Mode Function Failure
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APPROACH LAND
X 234012 3
23401 | eemrorm | _
GCA-D/L
PRICISION LANDING
ILS FAILS
234D.1.1 234D93
s IO o —®
SITUATION
LANDING J
234DI 4
2 PERFORM
MMRAILA [
LANDING
218 |
ASSUMPTIONS p—

1. LEVELS OF INSTRUMENT LANDING CAPABILITY
A. PRECISION ILS WITH BACKUP ANY OF FOLLOWING

B. GCA DATA LINK WITH BACKUP MONITOR
C. BEACON ILS WITH BACKUP MONITOR
D. MMR WITH BACKUP MONITOR

2 RUNWAY SIZE S000°FT X 50 FT
3. RUNWAY CONTAINS BURIED CABLE
FOR ROLLOUT AND TAX! GUIDANCE
4. FAILURE OCCURS BEFORE 60 SEC TO TOUCHDOWN - OTHERWISE, GO AROUND
8§ WEATHER MINIMUMS AT 3C
8. AUTO OR MANUAL LANDING CAPABILITY
EXISTS FOR ANY OF FOUR LANDING SYSTEMS

Figure 22.  Precision ILS Fails
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COMPUTER WORKLOAD EVALUATION DATA
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REPRESENTATIVE MISSION REQUIREMENTS

o TASK MISSION TASKS iﬁl\i{ o
¥

b’; ‘ LIST SEQUENCE LIST (SECONDS)
* ; Low Level Penetration

3 } Auto-TF/TA 1.0 Monitor Flight (VSD) Base 3.80

% Terrain Clearance 0

? i Energy Control Director 1.00

E A/C Symbo! Follow 0

Absolute Altitude 50

EAS 50

Monitor Terrain Avoidance (MPD-3) Base

Monitor Navigation (HSD) Base

Check Points

Turn Points

Target

Present Position

ETA

ETE

Ground Track

Compare with PP Route

Monitor Communications

Monitor Battle Situation (MPD-4) Base

Threat ldentification

Threat Location

Threat Priority

Auto Defense Actions




R

e

o

REPRESENTATIVE MISSION REQUIREMENTS

TASK L
MISSION
TASK MISSION TASKS TIME
PHASE BUDGET
LIST SEQU_NCE LIST (SECONDS)
Low Level Penetration
Auto-TF/TA Evaluate Effectiveness
805
6.0 Monitor CITS 7.30
7.0 Monitor Fuel Managemeni 380
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Summary Normal LL Pen,

(it 1

AR e st st 2

PILOT WORI LOADING DATA

UNIT
TIME

DIST.

VISUAL

MOTOR/MANUAL

OTHER

EXT.

INT.

LM

R/H

FEET

COGNIT.

AUDITORY

VERBAL

coL.
1.9

COoL.
1018

COL.
19-27

CoL.
28-36

coL.
37-45

COL.
46-54

CoL.
55-63

COoL.
64-72

COMMENTS:

3.38

30.07

16.80

12.0

3.30

20.25

15.10

12.0

.28

26.32

15.00

12.00

2.80

2485

14.38

12.00

3.10

27.60

16.69

12.00

3.28

29.47

16.39

12.00

272

21.03

12.68

12.00

3.30

26.25

15.10

12.00

ot g s
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REPRESENTATIVE MISSION REQUIREMENTS

£
‘ TASK
i MISSION

TASK MISSION TASKS TIME
i PHASE BUDGET
f
{ | LIST SEQUENCE LIST (SECONDS)

Low Level Penetration
? Auto TF/TA 1 Monitor Flight - VSD 58
v ! Engine Failure
3 L, 2 Monitor Terrain Avoidance 58
] ]
E 3 Monitor Nay, HSD 8.3
4 Monitor Comm

] 5 Monitor Battle Situation MPD-4 8.05
E. 6 Monitor CITS 7.3
f 7 Monitor Fuel Management 38
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! REPRESENTATIVE MISSION REQUIREMENTS

TASK
MISSION
- TASK MISSION TASKS TIME
] PHASE s BUDGET
LIST SEQUENCE LIST (SECONDS)

Low Level Penetration
Auto TF/TA 8 Observe Warning VSD 7.3

Engine Failure

' 9 Receive Audio Warning 2.02

! 10 Observe Warning Readout MPD-6 3.8

E 11 Recall Engine Display MPD-1 2.52

§ 12 Observe Display Parameters 213

: 13 Decision Shutdown No. 1 Engine 25 |
14 Select Idle No. 1 LH/RS 1.92
15 Select Off No. 1 LH/RS 1.92
16 Select Master Off No, 1 Toggle LH J2
17 Observe No. 2.Parameters MPD-1 2.13
18 Turn Off Warning 2,52
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E Summary - Engine Failure
' PILOT WORKLOADING DATA
H UNIT VISUAL MOTOR/MANUAL OTHER
} TIME
{ DIST. EXT. INT. LM R/H FEET COGNIT.  AUDITORY | VERBAL JCOMMENTS.
NO COL. COoL. COL. COL. coL. CcoL. CcoL. COL.
D 1-9 10-18 19-27 28-36 37-45 46-54 55-63 64-72
s; 1 2.80 24.85 1438  12.00
a‘ 2 257 2283 1358]  12.00
‘ 3 23 22.68 455| 252 20.45 13.02
\ 4 1.99 17.61 11.16 12.00
E 5 3.08 24,52 14.10 12.00
] 6 353 28.27 15.90 12.00
h
f 7 3.50 26.25 15.00{  12.00
: 8 3.28 26.32 15.00 12.00

e e Ty
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| REPRESENTATIVE MISSION REQUIREMENTS
MISSION Li1d

3 PHASE TASK MISSION TASKS ;:J'?)EGET
E LIST SEQUENCE LIST (SECONDS)
E’, Low Level Penetration . _

; TF/TA Failure 1 Monitor Fii ht VSD 5.8
E ; 5 Monitor Te: in Avoidance 58
- 3 | Monitor Nav. HSD 8.3

: 4 Monitor Comm 12.0
5 5 | Monitor Battle Situation MPD4 8.05
! 6 | Monitor CITS 2.3
- 7 Monitior Fuel Management 3.8
: 8 Observe Warning 2.3
; 9 Receive Awudio Warning 1.02
; 10 Observe Warning Readout MPD-5 38
: 1" Decision -— Fly Manual .25
‘ 12 Turn Off Warning Signal 2,52
g 13 Set Up Alternate Mode 2.2
14 Manual Control Pitch 6.43

i el b bl ks
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Summary Auto Terrain Follow Fail

PILOT WORKLOADING DATA

UNIT VISUAL MOTOR/MANUAL OTHER
TIME
DIST. EXT. INT. LM R/H FEET | COGNIT. | AUDITORY | VERBAL |COMMENTS:
NO coL. CcoL. cot, coL, CoL. CcoL. cot. coL.

; 19 1018 19.27 28.36 37-45 4654 55.63 6472

1 2.80 21.03 12.68 12.00

2 2.72 21.03 12.68 12.00

3 73 19.56 5.04 6.43 17.61 14,02

4 411 29.67 19.29 24,30 12.00

5 4.09 2592 25.72 25.06 12.00

6 3.38 26.25 25.72 25.34 12.00

7 3.66 25,92 25.72 25.06 12.00

8 4.11 29.67 25.72 26.86 12,00
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REPRESENTATIVE MISSION REQUIREMENTS

3'.55533 5 TASK MISSION TASKS Eﬁi{ =
LISt SEQUENCE LIsTY (SECONDS)

Nav Satellite Failure 1 Monitor Flight VSD 5.8
2 Monitor Terrain Avoidance 5.8
3 Monitor Nav. HSD 8.3
4 Monitor Comm 120

5 Monitor Battle Situation MPD-4 8.05
6 Monitor CITS 75
7 Monitor Fuel Management 38

8 Observe Predicted Nav Error (MPD) 455

9 Search Maj./Radar for CP 15 6.55

10 Select Nav System Situation 2.69

" Observe X-hair/Check Point Release 4.30

12 Select Freez 1.44

13 Enable Trackball 1.44

14 Align Cursor With Trackball 750

15 Select Update 1.44

16 Observe A/C Course Change 7155

17 Disable Track Ball 1.44




TN S AT 2
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Summary Nav Satellite Fail

PILOT WORKLOADING DATA

UNIT VISUAL MOTOR/MANUAL OTHER
TIME
DIST. EXT, INT. L/H R/H FEET COGNIT. | AUDITORY | VERBAL |COMMENTS:
coi coL. coL. coL. COL. cot. cot., COL.
NO. 19 1018 1927 28-36 3745 4654 55-63 6472
1 2.80 21.03 12.68 12.00
2 3.30 26.26 15.10 12.00
3 .76 29.69 15.95 18.35 12.00
4 2.80 21.03 12.68 12.00
5 76 29.69 15.95 19.35 12.00
6 2.80 2i.03 12.68 12.00
7 257 22.83 13.58 12.00
8 3.51 20.70 12.40 12,00
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REPRESENTATIVE MISSION REQUIREMENTS

o TASK MISSION TASKS Eﬁi{ e |
LiST SEQUENCE LIST (SECONDS)
Low Level Penetration
Auto TF/TA 1 Monitor Flight VSD 58
Electrical Distribution
Failure 2 Monitor Terrain Avoidance 5.8
3 Monitor Nav. HSD 8.3
4 Monitor Comm 120
5 Monitor Battle Situation MPD4 8.05
6 Monitor CITS 2,30
7 Monitor Fuel Management 3.8
8 Observe Warning {VSD) 7.3
9 Receive Audio Warning 1.02
10 Observe Warning Readout MPD-5 38
11 Select Elect Parameters on Keyboard 252
12 Observe Parameters MPD-1 38
13 Reset RT VSCF-Off 1
14 Right Gen. Off Then On J1
15 Reset RT VSCF-On 71

Observe Readout MPD-1

Disconnect RT Gen,

Select Avionics Buss - Off

Warning Signal Off

Select Elect System Test on Keyboard

Observe Malfunction MPD-5

Select Avionics Buss - On

Select Pen Aids on Keyboard

Select C&! Data on Keyboard




Elect Distirbution Fail
PILOT WORKLOADING DATA

UNIT VISUAL MOTOR/MANUAL OTHER

¥ TIME
i DIST. EXT. INT. (W], ] R/H FEET COGNIT. | AUDITORY | VERBAL [COMMENTS:
b COL. COL. COoL. COoL. COL. COL. COL. CcOL.
! NO. 19 1018 19.27 28-36 37-45 4654 55-63 64-72
14
. 1 2.80 24.85 14.38 12.00

2 3.30 29.34 16.49 12.00
E' 3 n 27.39 Jos | 756 24.26 14.02
1 4 81 15.77 71| 5.04 1456 12.00

5 3.30 29.40 16.49 12.00

6 385 25.65 14.69 12.00
3 7 2.80 24.85 14.38 12.00

8 3.10 212.60 15.59 12.00
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APPENDIX III

COMPUTER WORKLOAD ANALYSIS SUMMARY
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